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Why	
  has	
  seasonal	
  forecas,ng	
  worked?	
  

•  Pre-­‐condi,oning	
  
– Novel	
  condi,ons	
  (some,mes	
  a	
  shock)	
  
– Dynamic	
  real,me	
  	
  habitat	
  forecas,ng	
  (since	
  2003)	
  
– Mature	
  forecast	
  model	
  (POAMA)	
  

•  Project	
  team	
  
– Trust	
  and	
  knowledge	
  in	
  domain	
  

•  Decision	
  context	
  is	
  clear	
  
– Partnership	
  with	
  BOM	
  
– End	
  user	
  engagement	
  



The Centre for Australian Weather and Climate Research  
A partnership between CSIRO and the Bureau of Meteorology 

Fig	
  3.2	
  in	
  Rhein	
  et	
  al	
  2013.	
  Climate	
  Change	
  2013:	
  
The	
  Physical	
  Science	
  Basis.	
  WG1	
  IPCC	
  AR5	
  	
  

 

How to best manage our 
marine resources under 

climate change? 
 

Observa,on-­‐based	
  es,mates	
  of	
  annual	
  global	
  mean	
  upper	
  ocean	
  heat	
  content	
  	
  

Warming oceans 



Global marine hotspots 
areas of rapid temperature change - www.marinehotspots.org/ 

Hobday and Pecl, 2014 



Observed ocean warming 
around Australia 
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Expansion of sea urchins native to NSW causing loss 
of kelp forests in Tasmania (Ling et al 2009) 

Some 45 coastal fish species have exhibited major 
distributional changes in Tasmania (Last et al 2011) 

Changing composition of phytoplankton blooms off 
Tasmania– increased tropical species and red tides 
(Thompson et al 2009) 

Rock lobster recruitment, catch and distribution 
correlated with regional SST changes (Pecl et al 2009) 

14/29 intertidal species have moved further south in 
Tasmania over last 50 years (Pitt et al 2010) 

Impact studies - Biological changes in SE – now well documented 

Seaweeds: 85% further south on east coast and 56% 
on the west coast from 1940 (Wernberg et al 2011) 



Observed changes in south-east Australia 
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2nd	
  Marine	
  Report	
  Card	
  
•  Physical	
  

–  Temperature	
  
–  Sea	
  Level	
  
–  East	
  Australia	
  Current	
  
–  Leeuwin	
  Current	
  
–  ENSO	
  
–  Ocean	
  Acidifica,on	
  

•  Biological	
  
–  Microbes	
  
–  Algae	
  
–  Seagrass	
  
–  Mangroves	
  and	
  ,dal	
  wetlands	
  
–  Phytoplankton	
  
–  Zooplankton	
  
–  Pelagic	
  fish	
  
–  Coral	
  reefs	
  
–  Tropical	
  fish	
  
–  Temperate	
  fish	
  
–  Marine	
  rep,les	
  
–  Seabirds	
  
–  Marine	
  Mammals	
  

h[p://www.oceanclimatechange.org.au	
  



August 2008 

August 2064 

Hartog et al. (2011) 

Pelagic	
  Habitat	
  Changes	
  
 
                                     Sea SurfaceT       SBT     YFT 



Overall	
  change	
  in	
  resource/species	
  distribu8on	
  
(14	
  species,	
  12	
  months,	
  9	
  models,	
  25	
  scenarios	
  =	
  37,800	
  futures)	
  

smaller area 
moving south 

smaller area 
moving north 

larger area 
moving north 

larger area 
moving south 

95% 

Hobday (2010) 



Projected	
  biological	
  changes	
  (e.g.	
  distribu8on)	
  
11 species in Australian longline fisheries 

Hobday (2010) 



Preliminary	
  Assessment	
  of	
  Climate	
  Change	
  Impacts	
  for	
  Australian	
  Fisheries	
  &	
  
Aquaculture	
  (Hobday	
  et	
  al	
  2008)	
  

Biophysical	
  impacts	
  include:	
  	
  
•  Range	
  changes	
  (best	
  loca,on)	
  

–  Species	
  move	
  south	
  (east	
  coast)	
  (+	
  /	
  -­‐)	
  

•  Growth	
  changes	
  
–  ↑	
  growth	
  and	
  recruitment	
  (prawns)	
  
–  Fish	
  growth	
  rates	
  

•  Environmental	
  changes	
  
–  ↑	
  upwelling	
  (↑	
  produc,vity?)	
  
–  Disease	
  risk	
  

•  Extreme	
  events	
  
–  ↑	
  storms	
  (freshwater,	
  turbidity)	
  

Long-­‐term	
  climate	
  risk	
  to	
  seafood	
  sector	
  

Hobday	
  and	
  Lough	
  2011	
  



Humans	
  think	
  they	
  are	
  resilient….	
  

“We	
  have	
  always	
  adapted	
  to	
  changes	
  in	
  the	
  past”	
  

Jones	
  &	
  Mearns	
  2005	
  



Recent	
  extremes	
  suggest	
  otherwise	
  

•  Marine	
  heat	
  wave	
  -­‐	
  Western	
  Australia	
  2011	
  
•  Flooding	
  and	
  cyclone	
  -­‐	
  Queensland	
  2011	
  
•  Abnormally	
  warm	
  summer	
  -­‐	
  Tasmania	
  2012	
  

Hodgkinson	
  et	
  al	
  2014	
  



The	
  future	
  will	
  be	
  different…	
  

•  Climate	
  change	
  is	
  leading	
  to	
  a	
  
future	
  where	
  past	
  experience	
  
is	
  of	
  reduced	
  value.	
  	
  

•  Past	
  pa[erns	
  will	
  not	
  be	
  
repeated:	
  novel	
  combina,ons	
  
of	
  physics,	
  chemistry,	
  and	
  
biology	
  

•  Need	
  to	
  make	
  decisions	
  that	
  
are	
  generally	
  ok	
  even	
  if	
  the	
  
details	
  change,	
  based	
  on	
  the	
  
best	
  informa,on	
  available	
  at	
  
the	
  ,me	
  	
  	
  

•  Risk	
  management	
  approach	
  



In	
  fisheries	
  and	
  aquaculture,	
  coping	
  with	
  climate	
  
variability	
  	
  	
  	
  	
  is	
  “business	
  as	
  usual”	
  to	
  many…	
  

	
  

•  Coping	
  with	
  climate	
  variability	
  is	
  responsive	
  adapta,on	
  
	
  	
  	
  	
  	
  	
  Cost	
  effec,ve?	
  Does	
  it	
  allow	
  for	
  “opportunity”	
  to	
  be	
  recognised?	
  

•  Climate	
  change	
  is	
  a	
  new	
  factor	
  for	
  a	
  range	
  of	
  businesses	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Can	
  it	
  just	
  be	
  managed	
  as	
  for	
  climate	
  variability?	
  	
  
	
  

An,cipa,ng	
  climate	
  variability	
  &	
  change	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
is	
  proac8ve	
  adapta,on	
  

Business	
  performance	
  could	
  be	
  improved	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
with	
  predic,ons	
  about	
  the	
  future	
  

Climate	
  variability	
  vs.	
  climate	
  change	
  



Recognize relevant time 
scales 

Days Weeks to months Decades to centuries 

Weather forecasting 
Satellite nowcasts 

Seasonal forecasting Climate forecasting 
Climate change 

Most useful for proactive                       
marine management  

Minimal warning time 
Reactive management 

Early window for 
implementation of strategies 

to minimise impacts 
Long term planning 

Be[er	
  managed	
  marine	
  resources	
  have	
  improved	
  	
  
resilience	
  under	
  climate	
  change	
  

Decision timescales 

Hobday et al, in press 



Recognize relevant time 
scales 

Weather 
forecasting 

Seasonal  
forecasting 

Climate 
projection 

7-10 days Weeks to months Decades to centuries 



When is seasonal forecasting useful? 

Usefulness	
  depends	
  
on	
  the	
  ,ming	
  of	
  both	
  
the	
  management	
  
decision	
  to	
  be	
  made	
  
and	
  that	
  of	
  the	
  cri8cal	
  
environmental	
  period	
  
affec,ng	
  the	
  decision,	
  
together	
  with	
  
forecast	
  accuracy	
  at	
  
that	
  ,me.	
   

When	
  the	
  lead-­‐,me	
  required	
  to	
  make	
  a	
  decision	
  
is	
  such	
  that	
  the	
  forecast	
  skill	
  for	
  the	
  cri,cal	
  
environmental	
  period	
  is	
  adequate,	
  a	
  seasonal	
  
forecast	
  may	
  be	
  useful	
  (a).	
  	
  

Hobday	
  et	
  al	
  in	
  press	
  



Seasonal forecasting 

Predic,ve	
  Ocean	
  Atmosphere	
  Model	
  for	
  Australia	
  
Global	
  dynamical	
  coupled	
  ensemble	
  ocean-­‐atmosphere	
  and	
  

data	
  assimila,on	
  seasonal	
  predic,on	
  system	
  

Spillman	
  &	
  Alves	
  2009,	
  Spillman	
  2011,	
  Hudson	
  et	
  al	
  2013	
  

Atmospheric Model 
Atmosphere Initial Conditions 

[2.5o x 2.5o] 
 

E 180o W 90o E 

Coupler 

90o W 0o 

Atmosphere &  
Land Initial  
Conditions 

Ocean Model 
Ocean Initial Conditions 

[0.5-1.5o x 2o] 

• Forecasts	
  out	
  to	
  9	
  months	
  
• Weekly	
  to	
  seasonal	
  mul,-­‐
model	
  predic,ons	
  

• Ocean	
  and	
  atmosphere	
  
products	
  available	
  

• 33	
  member	
  ensemble	
  
• Probabilis,c	
  forecasts	
  
• Run	
  opera,onally	
  x2	
  weekly	
  
	
  	
  hUp://poama.bom.gov.au	
   



Commercial wild fisheries 

Aquaculture 

Sea level extremes 

Coral bleaching risk 

Heatwaves 

Wet season onset 

Madden-Julian Oscillation  

ENSO 
 

POAMA applications 



•  Gives	
  the	
  likelihood	
  of	
  an	
  event	
  occurring	
  	
  
•  Ensembles	
  give	
  the	
  range	
  of	
  possibili,es	
  &	
  degree	
  of	
  

uncertainty	
  
•  Cost/benefit	
  analyses	
  
•  Perturb	
  the	
  ini,al	
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  historical	
  

Ensemble prediction 



Fisheries and aquaculture 
seasonal forecasts 

(primary variable & “habitat”) 

Tuna – Eastern Australian fishing zones 
Temperature at depth 

 
Salmon –Tasmania 

Sea surface temperature 
 
Prawns – Queensland  

rainfall and air temperature 
 
GBR - Coral reef managers 

bleaching risk forecasts 
 

Tuna – Great Australian Bight 
                 sea surface temperature 



Development stages - forecast 

Define	
  management	
  	
  	
  
	
  	
  or	
  industry	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  need	
  

	
  

Determine	
  cri,cal	
  
variables	
  &	
  	
  

decision	
  ,mescales	
  

Verifica,on	
  data	
  
	
  
	
  
	
  
	
  
	
  

A.	
  Assess	
  needs	
  

Assess	
  skill	
  using	
  
POAMA	
  hindcast	
  

Produce	
  habitat	
  
distribu,on	
  
forecast	
  

	
  
	
  

Forecast	
  products	
  
	
  
	
  
	
  
	
  
	
  

+ 

B.	
  Development	
  

User	
  feedback	
  

Hobday	
  et	
  al	
  in	
  press	
  

C.	
  Implementa8on	
  

End	
  user	
  decision	
  

Forecast	
  delivery	
  

Support	
  &	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
educa,on	
  

	
  	
  



1. Southern bluefin tuna fisheries 

GAB	
   EAust	
  

Management	
  issue:	
  	
  
Quota	
  managed	
  species	
  
	
  
Management	
  need:	
  	
  
Reduce	
  non-­‐quota	
  capture	
  
	
  
Management	
  solu,on:	
  	
  
Spa,al	
  zoning	
  to	
  regulate	
  fisher	
  access	
  
	
  
Management	
  support:	
  	
  
Seasonal	
  forecasts	
  to	
  assist	
  future	
  planning	
  
of	
  zones	
  



Reduce bycatch of SBT 
 
Three zones based on the 

expected distribution of 
SBT.  

Report sent to fisheries 
management on a 
fortnightly basis 

  
Action 
AFMA regulates spatial 

access of long line 
vessels to the fishery 
based on quota 
holdings. 

Observers required in the 
core zone. 

 

Real time habitat “prediction” (since 2003) 

Hobday and Hartmann (2006) Fisheries Management & Ecology; Hartog et al. (2010) Deep Sea Research II; Hobday et al. (2010) Fisheries Oceanography; 
Spillman and Alves (2009) Coral Reefs 

Hobday and Hartmann 2006; Hartog and Hobday (in press) 



	
  

	
  

Seasonal	
  Habitat	
  Predic8on	
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Buffer Zone Climatology (1994-2013)
Buffer Zone 2014
Maximum Extent Any Year

• 	
  Seasonal	
  forecasts	
  from	
  a	
  coupled	
  
ocean-­‐atmosphere	
  model	
  (POAMA)	
  have	
  
been	
  added	
  to	
  our	
  habitat	
  model,	
  
allowing	
  predic,ons	
  of	
  SBT	
  habitat	
  out	
  to	
  
5	
  months.	
  	
  
	
  
• 	
  This	
  seasonal	
  forecas,ng	
  offers	
  both	
  
managers	
  and	
  fishers	
  the	
  poten,al	
  to	
  
plan	
  for	
  upcoming	
  restric,ons,	
  and	
  
strategically	
  modify	
  their	
  fishing	
  
ac,vi,es.	
  
	
  

+ 



Southern bluefin tuna fishery example #2 

Management	
  issue:	
  	
  
Changing	
  SBT	
  distribu,ons	
  
Management	
  need:	
  	
  
Improve	
  efficiency	
  of	
  industry	
  
Management	
  solu,on:	
  	
  
Invest	
  in	
  research	
  and	
  fisher	
  
educa,on	
  
Management	
  support:	
  	
  
Seasonal	
  forecasts	
  to	
  improve	
  
opera,onal	
  planning	
  of	
  fishers	
  

Quota-managed fishery so does not increase catch 



Juvenile	
  southern	
  bluefin	
  tuna	
  

•  Juveniles	
  (age	
  ~2-­‐5)	
  make	
  
annual	
  cyclic	
  migra,ons	
  

•  Spend	
  winters	
  across	
  
southern	
  ocean	
  

•  Spend	
  summers	
  in	
  GAB	
  
(Dec-­‐Apr)	
  

•  Purse-­‐seine	
  fishery	
  worth	
  
~$60	
  million	
  annually	
  
occurs	
  in	
  GAB	
  in	
  summer	
  





Industry	
  need	
  –	
  where	
  are	
  the	
  fish?	
  





Archival	
  tagging	
  of	
  juvenile	
  SBT	
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Releases, n=826
Recaptures, n=148

•  Tags	
  released	
  in	
  1998-­‐2008	
  
•  Released	
  at	
  ages	
  1-­‐4	
  	
  
•  Recaptured	
  at	
  ages	
  2-­‐6	
  	
  
•  42%	
  of	
  releases	
  and	
  78%	
  of	
  recaptures	
  
occurred	
  in	
  the	
  GAB	
  (red	
  box)	
  	
  

Basson, Hobday, Eveson and Patterson (2012) Spatial interactions among juvenile SBT at the global scale: a large scale archival 
tag experiment. FRDC Final Report 2003/002. 



Es8ma8ng	
  tracks	
  from	
  archival	
  tags	
  
•  Daily	
  posi,ons	
  es,mated	
  using	
  a	
  state-­‐space	
  model	
  with	
  data	
  
inputs:	
  
Ø  Light	
  record	
  from	
  tag	
  	
  
Ø  Sea	
  surface	
  temperature	
  (SST)	
  from	
  tag	
  cf	
  remote	
  sensed	
  SST	
  

50 100 150

-6
0

-5
0

-4
0

-3
0

-2
0

-1
0

Longitude

La
tit
ud
e

ARCHIVAL ID 864  
 Released 2005-01-10 95 cm ;  Recaptured 2006-02-26
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•  Compared	
  environmental	
  data	
  (SST,	
  chlorophyll	
  a,	
  mixed	
  layer	
  depth,	
  
bathymetry,	
  wind,	
  frontal	
  density,	
  sea	
  surface	
  height)	
  for:	
  
1.  en,re	
  GAB	
  vs.	
  
2.  loca,ons	
  where	
  fish	
  were	
  found	
  within	
  the	
  GAB	
  

	
  	
  	
  	
  during	
  Jan,	
  Feb,	
  Mar	
  of	
  1998-­‐2009	
  

•  Those	
  with	
  greatest	
  influence:	
  	
  SST,	
  chl	
  a	
  (to	
  a	
  lesser	
  extent)	
  

Es8ma8ng	
  habitat	
  preference	
  



Habitat	
  preference:	
  SST	
  only	
  

Fish 
distribution 

Ocean 
distribution 

÷ 
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Habitat	
  preference:	
  SST	
  +	
  chlorophyll	
  a	
  

Fish 
distribution 

Ocean 
distribution 

÷ 
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•  Produce	
  map	
  showing	
  regions	
  of	
  preferred	
  habitat	
  for	
  any	
  given	
  
,me	
  period	
  (e.g.	
  Jan	
  2007)	
  
•  Get	
  environmental	
  condi>ons	
  for	
  that	
  >me	
  period	
  
•  Look	
  up	
  preference	
  value	
  corresponding	
  to	
  environmental	
  condi>ons	
  at	
  each	
  
loca>on	
  

Preferred	
  habitat	
  maps	
  

Forecas,ng	
  SBT	
  habitat	
  in	
  the	
  GAB	
  39	
  	
  |	
  

SST only 



Preferred	
  habitat	
  maps	
  

Forecas,ng	
  SBT	
  habitat	
  in	
  the	
  GAB	
  40	
  	
  |	
  

SST + chlorophyll a 



•  Aerial	
  survey	
  for	
  SBT	
  conducted	
  annually	
  in	
  GAB	
  from	
  Jan-­‐Mar	
  
•  Use	
  loca,on	
  of	
  sigh,ngs	
  to	
  evaluate	
  habitat	
  preferences	
  

•  Score	
  =	
  Prop’n	
  sigh>ngs	
  within	
  preferred	
  habitat	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Prop’n	
  survey	
  area	
  containing	
  preferred	
  habitat	
  	
  
•  Score	
  >	
  1	
  means	
  preferences	
  are	
  informa>ve	
  (=	
  1	
  if	
  fish	
  randomly	
  distributed)	
  

Valida8ng	
  habitat	
  preferences	
  

Forecas,ng	
  SBT	
  habitat	
  in	
  the	
  GAB	
  41	
  	
  |	
  

Score = 1.05 



Valida8ng	
  habitat	
  preferences	
  	
  

Forecas,ng	
  SBT	
  habitat	
  in	
  the	
  GAB	
  42	
  	
  |	
  

JANUARY	
   FEBRUARY	
   MARCH	
  

YEAR	
   SST	
   +CHL	
   SST	
   +CHL	
   SST	
   +CHL	
  

1998	
   1.39	
   1.42	
   1.05	
   1.11	
   1.11	
   1.42	
  

1999	
   1.17	
   1.28	
   1.26	
   1.40	
   1.55	
   1.72	
  

2000	
   1.73	
   1.83	
   1.05	
   1.15	
   1.06	
   1.09	
  

2005	
   1.20	
   1.42	
   1.01	
   1.38	
   1.41	
   1.83	
  

2006	
   1.16	
   1.30	
   1.32	
   1.59	
   1.08	
   1.26	
  

2007	
   1.05	
   1.32	
   1.05	
   1.10	
   1.08	
   1.19	
  

2008	
   1.10	
   -­‐	
   1.57	
   -­‐	
   1.02	
   -­‐	
  

2009	
   1.01	
   1.09	
   1.10	
   1.21	
   0.93	
   1.17	
  

2010	
   1.02	
   1.18	
   1.22	
   1.33	
   1.10	
   1.12	
  

2011	
   1.00	
   0.53	
   1.07	
   1.29	
   2.31	
   2.28	
  

2012	
   1.01	
   1.27	
   1.02	
   1.13	
   1.01	
   1.09	
  

2013	
   1.06	
   1.22	
   1.02	
   1.24	
   1.03	
   1.01	
  

2014	
   1.02	
   1.02	
   1.03	
   1.08	
   1.03	
   1.06	
  

•  Consider	
  all	
  years	
  and	
  months	
  of	
  aerial	
  survey	
  data	
  
Ø  SST	
  alone:	
  scores	
  >	
  1	
  in	
  all	
  but	
  one	
  year/month	
  
Ø  SST	
  +	
  chl	
  a:	
  scores	
  >	
  SST	
  alone	
  in	
  all	
  but	
  one	
  year/month	
  	
  

score ≥ 1 

+chl better than SST alone 

score < 1 



•  Use	
  POAMA	
  forecasts	
  of	
  SST	
  to	
  predict	
  regions	
  of	
  preferred	
  
habitat	
  

•  POAMA	
  does	
  not	
  currently	
  forecast	
  chl	
  a,	
  so	
  can	
  only	
  provide	
  
SST-­‐based	
  forecasts	
  

•  Forecasts	
  are	
  issued	
  for	
  next	
  2	
  fortnights	
  and	
  next	
  6	
  calendar	
  
months	
  

Forecas8ng	
  preferred	
  habitat	
  

Forecas,ng	
  SBT	
  habitat	
  in	
  the	
  GAB	
  43	
  	
  |	
  



44	
  |	
   Forecas,ng	
  SBT	
  habitat	
  in	
  the	
  GAB	
  

Fortnight 1:  
22 Feb – 7 Mar 

Fortnight 2: 
8 Mar – 21 Mar 

Month 1: 
March 

Month 2: 
April 

Forecasts issued 22 Feb 2015 



• For Jan-Mar, SST forecasts lead times ~2 months 

Forecast skill in GAB 
M

on
th

 

Lead time (month) 
Jan 

Dec 



• Website	
  developed	
  specifically	
  for	
  this	
  purpose	
  
•  Automated	
  to	
  update	
  daily	
  
•  Regular	
  engagement	
  with	
  industry,	
  par,cularly	
  through	
  industry	
  
co-­‐inves,gator	
  	
  

• Website	
  modified	
  in	
  response	
  to	
  feedback	
  
•  Contains	
  much	
  more	
  than	
  just	
  the	
  forecasts…	
  

• h[p://www.cmar.csiro.au/gab-­‐forecasts	
  

Delivery	
  of	
  forecasts	
  to	
  industry	
  

Forecas,ng	
  SBT	
  habitat	
  in	
  the	
  GAB	
  46	
  	
  |	
  



Website	
  informa8on	
  



Delivery	
  -­‐	
  www.cmar.csiro.au/gab-­‐forecasts	
  
Adapta8on	
  yet?	
  
	
  
In	
  the	
  first	
  year	
  
10	
  major	
  fishing	
  companies	
  
•  All	
  used	
  website	
  

8	
  used	
  in	
  decision-­‐making	
  
•  6	
  made	
  different	
  decision	
  
•  2	
  made	
  “do	
  nothing	
  different”	
  	
  
decision	
  

•  (when	
  and	
  where	
  to	
  fish)	
  
•  (economic	
  benefits)	
  

Eveson	
  et	
  al	
  (2015)	
  Fish	
  Res	
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2. Salmon aquaculture 

Tasmanian	
  Salmon	
  
Management	
  issue:	
  	
  

Farmed	
  salmon	
  grown	
  towards	
  
upper	
  thermal	
  limit	
  in	
  summer.	
  	
  	
  	
  
Sea	
  temperatures	
  linked	
  to	
  	
  	
  	
  	
  
salmon	
  growth	
  and	
  health.	
  

Management	
  need:	
  	
  
Reduce	
  vulnerability	
  to	
  	
  	
  

temperature	
  extremes	
  under	
  
climate	
  change	
  

Management	
  solu,on	
  
Freshwater	
  bathing,	
  diet	
  
Management	
  support:	
  	
  

Seasonal	
  forecasts	
  to	
  assist	
  future	
  
planning	
  ac,vi,es	
  

Hobday	
  et	
  al	
  in	
  press;	
  Spillman	
  &	
  Hobday	
  2014	
  	
  	
  	
  



2A. Assess needs 

Tasmanian Salmon 
A$500M 

Liaised	
  with	
  Salmon	
  Growers	
  
Associa,on	
  

Require	
  informa,on	
  1	
  month	
  to	
  a	
  
season	
  ahead	
  regarding	
  anomalously	
  
warm	
  condi,ons	
  

Summer	
  sea	
  surface	
  temperature	
  

Ocean	
  data	
  reanalyses,	
  historical	
  	
  	
  	
  
farm	
  temperature	
  data	
  

Tasmanian salmon 

Project	
  funded	
  by	
  the	
  Tasmanian	
  Salmon	
  
Growers	
  Associa,on	
  



2B. Development 

i.	
  Assess	
  skill	
  of	
  POAMA	
  ITAS	
  index	
  forecasts	
  
	
  	
  

Model	
  skill	
  for	
  1992-­‐2010	
  

Tasmanian salmon 

ITAS	
  index	
  strongly	
  
correlated	
  around	
  
Tasmania	
  

Correla,ons	
  of	
  
ITAS	
  index	
  with	
  

farm	
  data	
  of	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
0.76	
  and	
  0.83	
  

r	
  =	
  0.35	
  

Upper	
  tercile	
  

Lower	
  tercile	
  

Accuracy	
  of	
  	
  monthly	
  ITAS	
  index	
  

Spillman	
  &	
  Hobday	
  2014	
  	
  	
  	
  



2B. Development 

ii.	
  Tailored	
  salmon	
  	
  
	
  	
  	
  	
  farm	
  forecast	
  	
  
	
  	
  	
  	
  products	
  
	
  

farm	
  
temperature	
  
data	
  &	
  
monthly	
  
climatologies	
  

aerial	
  
surveys	
  

+	
  

catch	
  
data	
  

Tasmanian salmon 



2C. Implementation 

• Forecast	
  delivery	
  via	
  monthly	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
emailed	
  reports	
  

• Mee,ngs	
  &	
  educa,on	
  	
  
• Industry	
  feedback	
  

	
  

The Centre for Australian Weather and Climate Research  
A partnership between CSIRO and the Bureau of Meteorology 

Tasmanian salmon 

Ø  Informa,on	
  to	
  allow	
  salmon	
  
coopera,ves	
  to	
  be[er	
  manage	
  farms	
  
in	
  the	
  likelihood	
  of	
  a	
  hot	
  summer	
  

Ø  Strategies	
  include	
  freshwater	
  
bathing,	
  put	
  on	
  more	
  staff,	
  order	
  
different	
  feed,	
  thin	
  out	
  pens,	
  shixing	
  
pens	
  to	
  cooler	
  waters	
  

Spillman	
  &	
  Hobday	
  2014	
  	
  	
  	
  



3. Prawn aquaculture 

Queensland	
  Prawns	
  
Management	
  issue:	
  	
  

Farmers	
  wish	
  to	
  op,mize	
  prawn	
  
growth	
  and	
  yield	
  

Management	
  need:	
  	
  
Reduce	
  vulnerability	
  to	
  cool	
  

temperature	
  &	
  rainfall	
  extremes	
  
Management	
  solu,on:	
  	
  

Timing	
  of	
  stocking	
  &	
  harves,ng,	
  
diet,	
  ordering	
  supplies	
  in	
  advance,	
  

Management	
  support:	
  	
  
Seasonal	
  forecasts	
  to	
  assist	
  future	
  

planning	
  ac,vi,es	
  

Spillman	
  et	
  al	
  2015	
  



3A. Assess needs 

Queensland prawns 
A$70M 

Liaised	
  with	
  the	
  Australian	
  Prawn	
  
Farmers	
  Associa,on	
  and	
  individual	
  
farm	
  managers	
  along	
  coast	
  

Require	
  informa,on	
  2	
  weeks	
  to	
  a	
  
season	
  ahead	
  regarding	
  anomalously	
  
warm	
  or	
  cold	
  condi,ons,	
  heavy	
  rainfall	
  
or	
  tropical	
  cyclones	
  

Air	
  temperature	
  &	
  rainfall	
  year	
  round	
  

Weather	
  sta,on	
  rainfall	
  &	
  air	
  
temperature	
  data	
  ,	
  pond	
  temperature	
  
data	
  

Queensland prawns 

Project	
  funded	
  by	
  the	
  Queensland	
  
Government	
  Cyclone	
  Yasi	
  Recovery	
  Fund.	
  	
  

Spillman	
  et	
  al	
  2015	
  



3B. Development 

i.	
  Assess	
  skill	
  of	
  POAMA	
  rainfall	
  &	
  air	
  temperature	
  forecasts	
  
	
  	
  

Spillman	
  et	
  al	
  2015	
  

Queensland prawns 

Skill	
  of	
  QLD	
  air	
  temperature	
  indexes	
  

KEY: INDEX REGIONS 

N_QLD 

C_QLD 

S_QLD 

Note: Tmax,Tmin, & 
rainfall are area-averaged 
over the index regions and 
then the skill is determined 

Model	
  skill	
  for	
  1981-­‐2010 



3C. Implementation 

ii.	
  Forecasts	
  scale:	
  Na,onal	
  →	
  Regional	
  →	
  Farm	
  

Current	
  ENSO	
  condi,ons	
  	
   Na,onal	
  &	
  regional	
  
rainfall	
  &	
  air	
  temp	
  
outlooks	
  

Na,onal	
  tropical	
  
cyclone	
  season	
  
outlook	
  

Latest	
  POAMA	
  ENSO	
  forecasts	
  



3B. Development 

iii.	
  Tailored	
  farm	
  
	
  	
  	
  forecast	
  products	
  

aerial	
  
surveys	
  

+	
  

catch	
  
data	
  

Queensland prawns 

Observed	
  rela,onships	
  
between	
  Bureau	
  weather	
  
sta,ons	
  and	
  QLD	
  indexes	
  
derived	
  from	
  AWAP	
  dataset	
  



3C. Implementation 

• Web-­‐based	
  forecasts	
  	
  
• Farm	
  visits	
  very	
  successful	
  
• Industry	
  award	
  

	
  

h[p://www.poama.bom.gov.au	
  

Southern bluefin tuna 

Ø  Informa,on	
  to	
  allow	
  prawn	
  
farmers	
  to	
  implement	
  
strategies	
  to	
  op,mise	
  prawn	
  
growth	
  &	
  yield	
  

Ø  Strategies	
  include	
  ,ming	
  of	
  
seeding	
  &	
  harvest,	
  flushing	
  
of	
  ponds,	
  pre-­‐order	
  feed,	
  
secure	
  infrastructure,	
  target	
  
Christmas	
  and/or	
  Easter	
  
markets	
  



Development	
  stages	
  for	
  fishery	
  &	
  
aquaculture	
  forecast	
  tools	
  

Define	
  management	
  	
  	
  
	
  	
  or	
  industry	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  need	
  

	
  

Determine	
  cri,cal	
  
variables	
  &	
  	
  

decision	
  ,mescales	
  

Verifica,on	
  data	
  
	
  
	
  
	
  
	
  
	
  

A.	
  Assess	
  needs	
  

Assess	
  skill	
  using	
  
POAMA	
  hindcast	
  

Produce	
  habitat	
  
distribu,on	
  
forecast	
  

	
  
	
  

Forecast	
  products	
  
	
  
	
  
	
  
	
  
	
  

+ 

B.	
  Development	
  

User	
  feedback	
  

Hobday	
  et	
  al	
  in	
  press	
  

C.	
  Implementa8on	
  

End	
  user	
  decision	
  

Forecast	
  delivery	
  

Support	
  &	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
educa,on	
  

	
  	
  



Range	
  of	
  delivery	
  outputs	
  

•  Websites	
  
•  Emails	
  
•  Summary	
  sheets	
  
•  Publica,ons	
  
•  Conferences	
  
•  Industry	
  mee,ngs	
  



State	
  of	
  play	
  
Example	
   ac8on	
  

Longline	
  fishery	
  
(managers)	
  

Spa,al	
  management	
  
Bycatch	
  reduc,on	
  

Ongoing	
  

Purse	
  seine	
  fishery	
  
(fishers)	
  

Spa,al	
  maps	
  
Economic	
  efficiency	
  

Ongoing	
  

Salmon	
  
(farmers)	
  

Environmental	
  forecasts	
  
Risk	
  reduc,on	
  and	
  efficiency	
  

Ceased	
  –	
  different	
  
risk	
  management	
  

Prawns	
  	
  
(farmers)	
  

Environmental	
  forecasts	
  
Economic	
  efficiency	
  

Ongoing	
  –	
  but	
  li[le	
  
engagement	
  

Recrea,onal	
  pelagic	
  fish	
  
(fishers,	
  charter	
  boats)	
  

Spa,al	
  distribu,on	
  
Fishing	
  opportunity	
  

pending	
  



For these examples….future research 

Cri,cal	
  informa,on:	
  
Ø  Informa,on	
  on	
  relevant	
  spa,al	
  and	
  temporal	
  scales	
  
Ø  The	
  minimum	
  level	
  of	
  skill	
  or	
  accuracy	
  of	
  forecasts	
  required	
  in	
  

the	
  region	
  in	
  the	
  season	
  of	
  ques,on	
  
Ø  The	
  types	
  of	
  management	
  decisions	
  that	
  would	
  be	
  made	
  

depending	
  on	
  a	
  par,cular	
  forecasted	
  outcome	
  
	
  

Very	
  useful	
  informa,on:	
  
Ø Which	
  threshold	
  ini,ates	
  management	
  ac,ons?	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

E.g.	
  must	
  the	
  forecast	
  indicate	
  90%	
  certainty	
  of	
  an	
  outcome	
  
before	
  ac,on	
  is	
  taken	
  or	
  is	
  a	
  probability	
  of	
  60%	
  sufficient?	
  

Ø  The	
  economic	
  cost/benefit	
  value	
  of	
  forecasts	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
to	
  the	
  industry?	
  

Hobday	
  et	
  al	
  in	
  press	
  

?? 



Lessons learned 

Essen,als:	
  
Ø  Strong	
  industry	
  engagement	
  and	
  partnership	
  
Ø  A	
  clear	
  understanding	
  of	
  the	
  end	
  user	
  skills	
  and	
  how	
  they	
  

might	
  use	
  forecast	
  product	
  
Ø  A	
  model	
  with	
  useful	
  skill	
  in	
  the	
  region	
  of	
  interest	
  
Ø  Forecast	
  product	
  delivery	
  mechanism	
  that	
  suits	
  the	
  end	
  user	
  
Ø  Industry	
  feedback	
  for	
  refinement	
  of	
  forecast	
  products	
  

	
  

Very	
  useful:	
  
Ø  Industry	
  advocate	
  or	
  liaison	
  officer	
  
Ø  Farm	
  visits	
  and	
  face-­‐to-­‐face	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

end	
  user	
  mee,ngs	
  	
  
Ø  Historical	
  industry	
  data	
  
	
  Hobday	
  et	
  al	
  in	
  press.	
  	
  



Supporting science 
These successes are possible because of 
•  Data handling tools – maintained by CSIRO 

•  Electronic Tag Support System – tag database  
•  SDODE  - oceanographic data system 

•  Underpinning capacity and existing models 
–  Satellite remote sensing 
–  Bluelink Project teams (David Griffin, Richard Matear) 
–  BoM’s POAMA team (Oscar Alves, Debbie Hudson) 

•  Science and end user expertise 
–  Marinelle Basson, Toby Patterson, Kirsten Rough 



Ongoing	
  research	
  
•  Seasonal	
  scale	
  

1.  More	
  forecast	
  applica,ons…	
  
•  Recrea,onal	
  fishers…	
  
•  Addi,onal	
  variables	
  (e.g.	
  chlorophyll)	
  
•  New	
  forecas,ng	
  model	
  to	
  replace	
  POAMA	
  

2.  Evaluate	
  economic	
  benefit	
  of	
  forecast	
  use	
  
•  Payoff	
  ,mes	
  (e.g.	
  Peter	
  McIntosh	
  et	
  al)	
  

3.  Link	
  to	
  risk	
  management	
  and	
  capital	
  raising	
  	
  
•  Li[le	
  et	
  al	
  (2015)	
  

4.  Downscaling	
  forecasts	
  for	
  coastal	
  applica,ons	
  
•  Vanhatalo	
  et	
  al	
  (in	
  review)	
  

•  Mul,-­‐year	
  forecasts	
  
–  Forecast	
  climate	
  drivers	
  (e.g.	
  ENSO,	
  IOD,	
  SAM)	
  -­‐>	
  local	
  condi,ons	
  

•  CSIRO	
  working	
  group	
  underway	
  
•  Technical	
  evalua,on	
  and	
  user	
  needs	
  



2. Benefit of information about the future 

•  With forecast information  - in a “good” year do better than average 

•  With forecast information  - in a “bad” year lose less than average 

Average 

$ Income 

Forecast No Forecast 

Average 

$ Income 

Forecast No Forecast 



3. Probalistic forecasts – pricing risk 

•  Can then be used to fund adaptation 



Development of solutions 

Now Time period of contract Outcome 

Strike value 

M
at

ur
ity

 

Seller of the contract: 
receives cash, which 
could be used to 
develop options to 
cope with warmer 
climates 
Investor: provides 
cash to the seller, in 
the “expectation” that 
the payoff they will 
receive if the strike 
value is not exceeded 
represents a wise 
investment. 

Index value > Strike value  
Seller: no payout to 
investor is required, and 
has used cash to develop 
adaptation strategies 

Index value < strike value 
Seller pays out to investor, 
but can afford this due to 
wise use of the initial 
investment 

Figure 1. Derivatives and payouts. An example of an increase in temperature over the time period of 
the contract (red line) that would result in the strike value being exceeded at the time the derivative 
contract matures (grey bar), resulting in no payout from the seller to the investor.  In the case that the 
strike price is not exceeded at the time of maturity (blue line), the seller will make a payout to the 
investor. In our example, the seller uses the investment to develop new salmon farming technologies 
to cope with anticipated effects of climate change, such as offshore farms in cooler water.  



4.	
  Downscaling	
  and	
  extrapola,on	
  
•  Guassian	
  processes	
  with	
  training	
  dataset	
  

Vanhatalo	
  et	
  al	
  (in	
  revision)	
  



Q: Engaging at a relevant timescale…. 

•  Does thinking more about the future lead to better long term skills? 

Skill in using seasonal forecasts 
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•  Hobday	
  and	
  Hartmann	
  (2006)	
  Fisheries	
  Management	
  and	
  Ecology.	
  
•  Hobday	
  et	
  al	
  (2010)	
  Fisheries	
  Oceanography	
  
•  Hobday	
  et	
  al.	
  (2011)	
  CJFAS	
  
•  Spillman	
  &	
  Hobday	
  (2014)	
  Clim	
  Risk	
  Manag	
  
•  Spillman	
  et	
  al.	
  (2015)	
  Aquaculture	
  
•  Hobday	
  et	
  al.	
  (2015)	
  Fisheries	
  Oceanography,	
  in	
  press	
  
•  Eveson	
  et	
  al	
  (2015)	
  Fisheries	
  Research	
  
•  Li[le	
  et	
  al	
  (2015)	
  Climate	
  Risk	
  Management	
  (Deriva,ves)	
  
•  Vanhatalo	
  et	
  al	
  (in	
  revision)	
  –	
  downscaling	
  and	
  extrapola,on	
  

•  Forecasts:	
  GAB:	
  www.cmar.csiro.au/gab-­‐forecasts	
  
•  POAMA:	
  h[p://poama.bom.gov.au	
  

•  prawns	
  

Further	
  informa,on	
  




